Abstract-As an efficient scheme for service restoration in distribution systems has a vital role in improving reliability of the system and also satisfactory of customers, significant efforts assigned in solving the problem. The major challenge is to reduce computation burden while covering all the possible answers in reasonable time and effort. Furthermore, restoration is a multiobjective, multi-constraint optimization problem. The considered restoration objective functions in this study include the minimization of outage area, minimizing of power loss and minimizing of number of switching whilst considering the technical constraints. This study presents a new approach of supply restoration service using the Genetic Algorithm (GA). A new hybrid Genetic Algorithm is proposed for reducing the search space. The proposed technique is implemented to improve the penalty strategy to enhance the performance of algorithm and reduce the convergence iteration. The effectiveness of the proposed method is demonstrated by testing on a 33-bus test system. Comparisons show the improvements in reducing of number of iteration after restoration. Findings through comparisons are shown that the proposed method will be able to do full restoration and energize all loads.
I. INTRODUCTION
Electricity is the backbone of each industrialised society and economy. In modern countries, not having even short power outage is very vital. Dependency on continuity of power supply is increasing drastically every day. Daily social life, industrial production, communication services and many are the related issues to the power supply interruptions. A blackout (full interruption) or a brownout (reduced voltage) may cause a lot of considerable troubles at homes, daily life and even on the economy [1] .
Customers want an acceptable and reliable power supply at economic costs with reduced outage time. When a part of a feeder experiences a loss of power, it is important to minimize the duration of the outage by quickly determine the cause of the disturbance followed with service restoration to the affected customers. Therefore fast and efficient power supply restoration is vital to minimize the operating costs and time to the utility and the customers after the occurrence of a system blackout. The restoration different procedures should be studied more to accelerate the processing time and avoid unuseful computation burden. According to this fact that time is most crucial criteria for service restoration, therefore reducing the number of iteration whilst keeping the diversity of searching space of the algorithm needs to be studied. New proposed techniques and several improvements are made in different stages of GA in order to reach one comprehensive improved algorithm. This algorithm leads to an efficient restoration plan to minimize the effect of outage in the network.
The nature of the constrained optimization problem causes the infeasibility of chromosomes in such these problems [2] . Most of optimizing problems oblige constraints on the appropriate chromosomes. Therefore it is likely that the solution would not be practical [3] . In all optimization methods, conventional ones or genetic algorithms, the constraints must be handled.
The impractical area can be symbolized as a system of equalities or inequalities for many optimization problems. Penalty method is used for such cases to touch impractical chromosomes [4] . In constrained optimization problems, the best solution classically takes place at the border between practical and impractical regions. The penalty method will oblige the genetic search to advance the optimal solution from both sides of practical and impractical areas [2] .
Simply refusing of each impractical chromosome may direct to the dismissal of some partial fitted solutions, and probably to be inefficient in terms of computational burden. Moreover, all the infeasible solution information will be lost without any analysis. A function can be adopted to consider of these limitations to penalize any chromosome that break any constraint [5] .
It is very hard to find a feasible point that is the best for many constrained practical problems. The drawback is that it really needs to get some information out of infeasible or inappropriate solutions by decreasing fitness ranking according to the extent of constraint violation. This is the concept of improvement in the penalty method in this work. This will be done by developing an efficient penalty method.
In this work, a penalty value, which depends on the constraint and the degree of breaking, is subtracted from the calculated fitness value. This penalty function method permits new constraint formulations to be inserted readily to any evolutionary based optimization algorithm. In this study, the multi-objective and multi-constrained supply restoration problem is formulated for minimization of outage area, keeping the power loss as small as possible and minimizing the number of switching operations with considering network operating constraints [6] .
The different objective functions for restoration and constraints addressed in this study are expressed in the following:
1) Minimizing of Outage region
Where ܺ ത is a vector related to the state of the switches in the network where by
An open switch is expressed by 0 and a closed switch is expressed by 1. In Equation (1), it is assumed that in a "n" bus power system, the buses are numbered from 1 to n. In a prefault case, all of the buses are working properly. Therefore "ܾ ଵ " is equal to "n". However, all of the buses would not be necessarily energized in a past fault scenario. Therefore, ‫"ܤ"‬ would contain only the energized buses. For instance, in a six-bus network ܾ ଵ = 6 and if, after restoration condition, bus 4 would not be able to energize, so B (1, 2, 3, 5, 6).
2) Minimize the power losses:
݂ ଶ ሺܺ ത ሻ = power loss in the system after restoration which can be obtained from the load flow study.
3) Switching Operation Minimization [7] :
Where, ܰ :
The number of switches ‫ܯܹܵ‬ :
Status of ݆‫ݐ‬ℎ switch in the system after occurring the fault ‫ܴܯܹܵ‬ : Status of ݆‫ݐ‬ℎ switch after restoration of the system Statuses of switches are represented by "0" and "1".
III. PENALTY METHOD
It really needs to get some information out of infeasible or inappropriate solutions by decreasing fitness ranking according to the extent of constraint violation. Therefore, in this work, the penalty method is developed in an efficient manner to reduce the computation burden. The conventional practice in penalty method is to filter any constraint violated configuration in initial stage before going to evaluation stage. There is a strict filter in population generating stage which omit bad solutions whether they violate the constraints slightly or extensively. In some cases the violation is very extensive and the fitness of the solution is very low but sometimes the violation is very slight. In such a this case the fitness of the solution would be high if a little bit modification will be performed, because the solution is good in terms of the main objectives. In order to avoid these drawbacks, and avoid much unuseful computations, the new penalty method is introduced in this work. Fig. 1 shows the flow chart for procedures of penalty method that is explained before. Firstly the infeasible solutions are detected. Secondly, they are evaluated and fitness values are calculated. For the solutions which do violate the constraints, a value is subtracted from their fitness value. Then all solutions are given rank based on their fitness value and are used in creating next generation. Therefore, the GA used for searching the optimal solution will be converged in less iteration and consequently the computation burden will be reduced. The fitness value is calculated for all the generated configurations according to objective functions.
Unfitted solutions are detected and a value is subtracted from those violated the constraints (the value depends on the extent of violation). Fitness Value = F(x)n -Penalty Value
All the solutions are ranked according to their fitness value. According to the fitness of each solution, a probability rate is assigned to select them as parents in producing next generation. According to the selection probability rate of each configuration, they are chosen to be parents for producing new offspring. The good solutions are likely to have better chance of selection for generating next generation. Infeasible configurations also have chance to be a fitted configuration with applying the GA operators in the next generations. With applying the GA operators like Selection, Crossover and Mutation, the good potential solutions have chance to be the optimized in next generations. The diversity of search space is being maintained. Also no solution is procedure so not any region is missed in the search space without evaluation. Therefore, based on this information, GA can be conducted to the appropriate trend to be converged in less iteration and consequently reduce the computation burden.
IV. TEST SYSTEM AND RESULS
The proposed approach has been tested on a 33 Bus radial distribution network to observe the reliability of the algorithm The fitness value is calculated for all the generated tive functions.
Unfitted solutions are detected and a value is subtracted from those violated the constraints (the value depends on the extent Penalty Value
All the solutions are ranked according to their fitness value. According to the fitness of each solution, a probability rate is assigned to select them as parents in producing next generation. According to the selection probability rate of each on, they are chosen to be parents for producing new offspring. The good solutions are likely to have better chance of selection for generating next generation. Infeasible configurations also have chance to be a fitted configuration rators in the next generations. With applying the GA operators like Selection, Crossover and Mutation, the good potential solutions have chance to be the optimized in next generations. The diversity of search space is being maintained. Also no solution is omitted during the procedure so not any region is missed in the search space without evaluation. Therefore, based on this information, GA can be conducted to the appropriate trend to be converged in less iteration and consequently reduce the computation
The proposed approach has been tested on a 33 Bus radial to observe the reliability of the algorithm.
Fig. 2. Radial Distribution Test System with 33 Buses
The system is a radial network with a voltage base of 12.66 kv with three branches. It is used to assess the efficiency and performance of the proposed method done in Matlab Power System Analysis Toolbox (PSAT). The system is drawn in PSAT environment. All component values must be converted to p.u. to simulate. tables are presented in the followings. The schematic diagram of the test system is shown in Figure 2 .
The system includes five tie switch on each branch in the network are 32, sectionalizing switches are 32, tie Switches are 5. load of the system in normal configuration is 2300 kVAR. The amount of real power loss of the system is 154 Kw, which is about 5.5% of the entire load of the system. Minimum bus voltage is 0.944 p.u. at bus 33. loss is picked up to show the amount of reducing the power loss. Here the proposed algorithm is applied on the restoration problem considering new proposed method for radiality checking and improved penalty method. The resulting curve and trend of convergence is shown in Figure 4 . The system is a radial network with a voltage base of 12.66 kv It is used to assess the efficiency and formance of the proposed method [8] . The modelling is done in Matlab Power System Analysis Toolbox (PSAT). The PSAT environment. All component values verted to p.u. to simulate. Related curves and tables are presented in the followings. The schematic diagram of the test system is shown in Figure 2 .
switches and also a sectionalizing switch on each branch in the network. Number of line sections are 32, sectionalizing switches are 32, tie Switches are 5. Total load of the system in normal configuration is 3715 kW and
The amount of real power loss of the system is 4 Kw, which is about 5.5% of the entire load of the system. Minimum bus voltage is 0.944 p.u. at bus 33. A system with loss is picked up to show the amount of reducing the power For 33 bus system, a fault is supposed to be happened on the line number 10 where breaker number 10 is located. Therefore, breaker number 10 is immediately open to isolate faulted area. This leads the loads in 14, 15, 16 and 17 being unsupplied. Fig. 3 location of fault, the outage area and The total missed load in this area is 555 kW for 8 line sections. It can be seen that downstream loads up to the next tie switch all are left unsupplied.
Here the proposed algorithm is applied on the restoration problem considering new proposed method for radiality checking and improved penalty method. The resulting curve and trend of convergence is shown in Figure 4 . It should be mentioned that, this test is being repeated by even more iteration setting to make sure that there will be no better answer. Table I shows that the optimum solution is reached after 8 iterations The out of service area after restoration will be Zero as shown in the Table I . The number of switching to reach the best answer is 5. It means by five switching operation, the procedures would be completed. The loss will be 162 kW after performing the restoration. It should be mentioned that the value of objective function is obtained based on combination of 3 objective functions (Per Unit) with respect to weighting factors. Moreover, the efficient stop criterion is designed to cut the iteration repetition after the criteria is met and thus saved the number of iteration. Figure 5 shows the performance of the algorithm without applying the penalty method for 33 bus test system.
It can be observed that the algorithm is converged at iteration number 188. This speed is very low in comparison with the main test that the algorithm was converged in less than 10 iterations. This obviously shows the necessity of developing an efficient penalty method to reduce the computation burden and make the algorithm to be converged fast. Table II shows the comparison between the proposed algorithm with Ref. [3] in terms of number of iteration. In terms of number of iteration, the proposed algorithm seemed very efficient according to improvements and techniques implemented, and this can be seen from comparison made with Ref. [3] and depicted in Table II .
V. CONCLUSION
In this research, an improved method for supply restoration in radial distribution networks using GA is presented. Genetic Algorithm is chosen for optimization due to its ability to solve the multi-objective optimization problem and its ability for global optimization. The penalty method which is related to practical constraints in the power system is improved and found significantly effective performance. For testing the proposed method, 33 buses radial distribution system was chosen as a case study. The network is modelled and simulated using Power System Analysis Toolbox (PSAT). Power flow analysis has been carried out to simulate and determine the practical parameters of networks in normal condition. Then the GA is used as an optimization tool and applied to the multi-objective multi-constraint restoration problem. In order to complete the algorithm PSAT and Matlab are linked together to work simultaneously. Stop criteria is put to cut the iteration after convergence. Results demonstrate that the proposed method is capable of restoring all loads in the out of service area and do the full restoration procedure while not violating any practical constraint and showing better performance in terms of power loss and number of switching in overall.
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